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In nature, organic matter is attacked by a large variety of bacteria 
and in its disintegration a number of species may  take part.  A knowl- 
edge of just how the species are associated in any given substrate or 
in what order they succeed one another in the process of decomposi- 
tion might be of great value to the biochemist in supplying a  point 
of approach hitherto neglected.  There is evidence that there is some 
order in the mode of attack and that this order is conditioned by the 
nature  of  the  medium and  certain  environmental factors,  such  as 
temperature,  reaction,  and  oxygen supply.  In  the  following pages 
one single detail of this general problem was examined under condi- 
tions which excluded all but two bacteria, one following the other. 
If  a  fermentation tube  containing  fermented bouillon  plus  1  per 
cent  lactose  be  inoculated  with  some  member of  the  paratyphoid 
group,  the multiplication causes a  heavy clouding or even turbidity 
in the open arm. 
The growth in the closed arm depends on the degree to which the 
muscle sugar has been removed.  If this is complete, no growth takes 
place.  The clouding of the branch is  therefore proportional  to  the 
amount  of muscle  sugar  remaining.  Titration  shows  little  or  no 
change of reaction in the closed arm, beyond what is due to a move- 
ment of fluid from open to closed arm.  The fluid in the open arm 
becomes neutral and finally alkaline to phenolphthalein,  the degree 
of alkalinity being a  function of the  multiplication which in turn is 
a  function of the  alkall-tolerance of the particular  strain  used.  If 
after 4  to  6  days of incubation the same tube is  reinoculated, this 
time with a  true colon bacillus known to ferment lactose, one of two 
things may happen: 
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1.  The resulting fermentation  takes the usual course as if no prior 
inoculation had been made; i.e., the production  of acid and gas goes 
on  quantitatively  as in a  fresh  tube. 
2.  The  second  organism  multiplies  actively,  clouds  the  dosed 
branch  as usual,  but no gas is produced.  Titration  shows that  the 
usual  amount  of acid has been produced. 
In  order  to  determine  whether  the  particular  type  of  second  or 
superadded fermentation is constant for the same organism, numerous 
tests have been made during  the past  1½ years, with the result  that 
with the same combination of cultures the same result follows. 
Furthermore  the  various  types of paratyphoid  bacilli  which  hap- 
pened to be on hand in  the laboratory were tested  to see just what 
grouping  would result  if this  kind  of superadded  fermentation  were 
used as a basis of classification.  The results of this latter test are in 
many respects suggestive. 
All  true  hog-cholera  bacilli  left  the  lactose medium  uninfluenced. 
The  fermentation  of  the  second  organism  proceeded  as  in  a  fresh 
unused medium.  Among the hog-cholera bacilli were those of widely 
different ages.  The oldest one had been isolated by one of us early 
in  18861 and  was  described  at  that  time  as  a  membrane-producing 
variant.  The most recent strain had been isolated by Dr. TenBroeck 
at  Camp Upton late in 1918  (No. XVI). 
Among  cultures  not isolated  from  swine,  Bacillus  icteroides  Sana- 
relli acted like a  true hog-cholera bacillus.  That  this organism may 
have been a  true hog-cholera bacillus is made highly probable by the 
experiments  of Reed and  Carroll3  They found  a  complete identity 
of the  two types in morphological,  cultural,  pathogenic,  and  agglu- 
tinative  characters.  Bacillus icteroides  also produced  fatal  enteritis 
associated with necrosis of the mucosa of the large intestine in young 
pigs.  One of these experiments was so carefully controlled that the, 
at that time, still unknown filterable virus of hog-cholera could hardly 
have  come into  consideration  as  a  cause  of  the  lesions.  Moreover 
the autopsy notes do not suggest the filterable virus, 
i Smith, T., 3rd Ann. Rep. Bureau Animal Industry,  U. S. Dept. Agric., 1886, 
622. 
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Of the cultures isolated from swine which failed to give the same 
reaction as  the true hog-cholera bacillus was a  non-motile organism 
isolated by Professor T. J.  Burrill from the liver of a  pig in  1897, 
and described briefly by  one of us  a in  1899.  This strain  could be 
differentiated from  the  true  hog-cholera bacillus  only  through  the 
absence of motility aI~d a  reduced virulence.  Bacillus coli following 
this produced only a large bubble of gas in lactose bouillon. 
Among the cultures tried which belong to the first group are Hog- 
cholera  Nebraska  (1886),  Massachusetts  (1895),  Maryland  (1898), 
Arkansas (1899),  and Hog-cholera X, XI, XII, XIII, XIV, and XVI, 
each from a  different outbreak; al~o suipestifer  Voldagsen, and the 
non-gas-producing hog-cholera strain  of  M.  Dorset.  In  several  of 
the above strains mutants had appeared in the stock cultures.  One 
of these produced a  viscid growth, the other had lost the power of 
gas production .in lactose.  All  these acted  alike in not restraining 
gas production subsequently by Bacillus  coll. 
Among the paratyphoid and enteriditis strains in the collection the 
following came under the second group:  paratyphoid strains recently 
isolated from four calves and  one fetus by one of  us;  paratyphoid 
Strains 225,  232,  234,  and 242;  Schottmiiller A  and B; paratyphoid 
from a pigeon and a cow's brain, all received from other laboratories; 
Rat-typhus I,  III, IV,  and V;  Swine-typhus I,  II,  III,  IV,  and V, 
Spermophile typhus 1, Dog-typhus I,  Guinea pig-typhus VII,  VIII, 
Mouse-typhus I, II, Bacillus  enteriditis 47, 204,  Gaertner  (Kral and 
Mt.  Sinai), and swine enteriditis.  The one exception noted thus far 
was marked paratyphoid (Longcope).  Dr. TenBroeck  4  had previously 
examined this strain and found it culturally and serologicaUy a hog- 
cholera bacillus.  Its virulence, however, towards rabbits is very low 
as  compared with true hog-ch01era bacilli. 
One culture of human typhoid tried thus far inhibited gas produc- 
tion and belongs therefore to the second group.  A  culture of para- 
typhoid bacilli from man which Hirschfeld has denominated Group 
C  and which has been shown by TenBroeck  4 to belong culturally to 
the paratyphoid and serologically to the hog-cholera group, but with 
3  Smith, T., Centr. Bakt., lte Abt., 1899, xxv, 241. 
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a  reduced virulence, acted like a  true paratyphoid in inhibiting gas 
production. 
The  rather  sharp  distinction which  this  reaction makes between 
true hog-cholera bacilli and other paratyphoid strains made it seem 
desirable  to  test  the  several  members  of  the  dysentery group  on 
hand.  All  strains  tested,  including  those  marked  Shiga,  Flexner, 
Hiss Y, Flexner-Harris, and Strong, acted like the hog-cholera group 
in that the second or Bacillus coli  fermentation was not inhibited as 
to  gas  production.  Similarly the  group  of paratyphoid-like bacilli 
attacking poultry (fowl typhoid and white diarrhea) did not inhibit 
gas production by Bacillus coli. 
So  far,  to  avoid  confusion,  the  second  fermentation  has  been 
restricted  to  two  colon  strains  isolated  from  a  calf.  The  strain  of 
Bacillus coli used most constantly in the various experiments was iso- 
lated in December, 1918,  from the liver of a  calf (No. 302)  affected 
with pneumonia and  septic  complications.  It possesses motility to 
a certain degree, ferments dextrose and lactose with the accumulation 
of from 50  to 60  per cent gas in the closed arm of the fermentation 
tube, and produces a titratable acidity of 4 to 6 per cent of a normal 
solution.  The gas formula H/CO~ is of the usual type, the explosive 
portion being 2  to  2½ times the  CO2 in volume.  Saccharose is  fer- 
mented more slowly and  about  25  per cent gas  accumulates.  The 
second strain (No. 435)  was isolated from the spleen of a very young 
calf affected with digestive derangements, called scours.  It was in 
all  cultural characters like the preceding. 
Wherever gas production is referred to in the following pages, the 
accumulation of gas in  the  fermentation tube  is  meant.  The  acid 
produced is quoted in per cent of titratable acid in terms of a normal 
solution. 
It is to be predicted that all races of Bacillus coli will not act alike 
since there are so many minor distinguishing morphological, cultural, 
fermentative, and serological features observed among them.  Some 
preliminary tests  with  other colon bacilli  have been made but  the 
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Experiments to Determine  the Nature of the Inhibition. 
The Effect of Removing the Paratyphoid Bacilli.--The first suggestion 
to present itself was that the paratyphoid bacilli might have changed 
the lactose in some way.  If so, in the bouillon deprived of the para- 
typhoid bacilli  by  filtration  the  colon bacilli  should  act  differently 
than  in  fresh bouillon.  It was  found,  however,  that  the  complete 
removal of paratyphoid bacilli  from  the  culture fluid by passing  it 
through a Berkefeld filter restores gas production.  The experiments 
were made  by  growing  the  paratyphoid  bacilli  in  large  centrifuge 
bottles  and  filtering  after  centrifuging.  The  filtrate  was  put  into 
sterile fermentation tubes and inoculated with  Bacillus  coli.  Table 
I  gives some of the results. 
TABLE  I. 
Strain of paratyphoid used. 
Calf 299 ...................... 
"  299 ...................... 
"  297 ...................... 
"  297 ...................... 
Age of culture when 
centrifuged  and 
filtered. 
days 
lO 
lO 
6 
6 
Results of inoculation with B. call,  Calf 302. 
Gas. 
26.5 
45.0 
47.2 
52.0 
Acid in open arm. 
5.10 
4.75 
4.60 
The next step was to proceed as in the former experiment but to 
omit  the  filtration.  The  centrifuged fluid  did not become entirely 
clear  and when inoculated with Bacillus  coli  only a  very little  gas 
was  produced.  Apparently  the  presence  of  a  very  faint  cloud  of 
paratyphoid bacilli  was  sufficient to  inhibit  almost  completely gas 
production by Bacillus coli.  The hog-cholera control treated in the 
same way did not inhibit gas production  (Table II). 
In  order  to  remove as  far  as  possible  all  bacteria  without  sub- 
jecting  the  culture fluid  to  final filtration,  the  following procedure 
was carried out.  The primary culture was conducted as in the fore- 
going  experiment in  large  centrifuge bottles,  holding  250  cc.  and 
plugged with cotton wool.  After an incubation of about 4 days suf- 
ficient to yield a maximum multiplication a certain quantity of sterile 
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sterile rubber stoppers, and thoroughly shaken  by hand.  They were 
then centrifuged for about 30 minutes,  at  the  end  of which  time  the 
supernatant  fluid  was  clear  to  the  unaided  eye in  transmitted  light. 
It  was  then  transferred  with  sterile  pipettes  to  sterile  fermentation 
tubes  and inoculated  with Bacillus  coli,  Calf 302. 
TABLE  II. 
Strain used. 
Paratyphoid,  Calf 297 ........ 
"  "  297 ........ 
Hog-cholera XII  ............. 
Age of culture 
when treated. 
days 
7 
7 
10 
Time of 
centrifugation. 
rain. 
30 
30 
30 
Results of inoculation with 
B. ¢oli, Calf 302. 
Gas.  Acid in open 
arnl. 
per cent 
Bubble only,  3.80 
1-2  4.61 
60  5.30 
To determine whether  the kaolin itself might add  anything  to  the 
medium  to  influence  the  result  various  controls  were  introduced  as 
shown in Table III. 
TABLE  III. 
Effect of Centrifuging  and  Clearing First  Culture with Kaolin  on Second  Culture. 
Experiment. 
b ........... 
c.. ......... 
d  .......... 
Treatment of first culture.  (Paratyphoid, Calf 299.) 
Sterilized kaolin added, bottle 'shaken and 
centrifuged 30 min.,  transferred  to fer- 
mentation tubes. 
Sterile  control  fluid, treated  as  under  a 
before inoculating with B. coll. 
Sterile control fluid without kaolin. 
Fermented bouillon without lactose, shaken 
with kaolin. 
Results of inoculation of second 
culture.  (B. toll, Calf 802.) 
Gas. 
percent 
65 
93 
62 
0 
Reaction of open arm 
(acidity). 
4.56 
4.55 
5.40 
0.27 (Open arm.) 
1.58 (Closed  "  ) 
Tube  a  shows  that  a  complete  clearing  of  the  culture  fluid  from 
paratyphoid  bacilli  restores  gas  production  by  Bacillus  coli  and  is 
equivalent  to  filtration.  Tubes  b,  c,  and  d  were  to  show  whether 
kaolin modified the fermentation.  The larger amount of gas produced 
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tion, possibly a  carbonate.  Tube c checked the culture medium and 
Tube d proved the absence of fermentescible sugars in the kaolin. 
Effect of Density of Suspension of Paratyphoid Bacilli.--In the fore- 
going  tests  the  primary  culture was  usually 4  days old  before the 
second inoculation  was  made.  The  mere  presence  of  paratyphoid 
bacilli in the culture fluid might have some influence irrespective of 
any incubation  period.  Experiments were therefore undertaken to 
eliminate this period.  The growth of paratyphoid bacilli on slanted 
agar was washed Off with bouillon and suspended in lactose bouillon 
in  fermentation  tubes.  The  suspension  was  varied  in  density  by 
using the growth of one, two, and four slants respectively.  Immedi- 
ately after the  suspension  was made a  loopful  of Bacillus coli  was 
introduced from an agar culture and the tubes incubated.  The gas 
production was not inhibited but it accumulated more slowly than 
in control tubes.  After 7 days incubation 70, 68, and 66 per cent of 
gas had  accumulated.  The reaction of fluid in  the bulb  was 4.61, 
4.96,  and 4.91  per cent of a  normal acid respectively.  It should be 
stated that the density of the suspension of paratyphoid bacilli, even 
in the closed arm of the first tube, was much greater than that develop- 
ing directly in lactose bouillon.  No inhibition of gas production was 
thus produced by the mere presence of large numbers of living para- 
typhoid bacilli, both strains being introduced together. 
In another experiment, the relation of the bacilli to the inhibition 
was put to a more rigorous test.  A large centrifuge bottle containing 
lactose  bouillon  and  inoculated  with  paratyphoid,  Calf  297,  was 
incubated for 6 days.  One fermentation tube was then filled with the 
culture fluid and inoculated with Badllus coli, Calf 302, and incubated 
as a control.  Another lot from the same bottle was centrifuged until 
the supernatant fluid was only faintly clouded.  This fluid was trans- 
ferred to  a  second  fermentation tube  and  inoculated with Bacillus 
coli.  The thick bacterial sediment in  the centrifuge tubes from 30 
cc. of the culture fluid was transferred to 25 cc. of fresh lactose bouil- 
lon in a  fermentation tube and inoculated with Bacillus coli.  Over 
50  per cent gas was promptly produced in  the  third  tube.  In the 
others  a  small  bubble  appeared  partly  derived  from  fine  bubbles 
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The Effect  of the  Concentration  of Lactose.--In  the foregoing tests 
1 per  cent lactose was used throughout.  It was thought, however, 
that  less  or  more  might  affect  the  uniformity of  results.  Before 
taking up the experiment it became necessary to consider what mini- 
mum per  cent of lactose was necessary for Bacillus  coli  to produce 
the maximum amount of gas.  Earlier, repeated trials by one of us 
had shown that 0.5 per cent lactose yields about as much gas as 1 per 
cent  or  more,  Table  IV  shows  that  the  same  result  is  obtained 
whether a  concentration as low as 0.5  per cent or as high as 2  per 
cent  lactose is  used.  Numerous  tests  of  the  gas  formula in  these 
experiments indicated no appreciable change in the relative amounts 
of H  and  COs.  These  tests have  therefore been  omitted from the 
tables. 
TABLE  IV. 
Effect of Different Concentrations of Lactose on Secondary Fermentation by B. coli, 
CaZf 302. 
Primary culture. 
Paratyphoid  297 ..................... 
Hog-cholera XII ..................... 
Paratyphoid  297 ..................... 
Hog-cholera XII ..................... 
Lactose 
#er ce~ 
0.5 
0.5 
2.0 
2.0 
Interval 
between 
primary 
and 
;econdary 
cultures. 
days 
6 
6 
4 
4 
Gas 
produced. 
per ce~I 
o 
57 
o 
62 
Acid produced, 
Open  Closed 
arm.  arm, 
5.0  5.0 
5.2 
3.7  4.8 
4.8 
The  absence  of lactose in  the primary culture does not interfere 
with the establishment of inhibition.  Cultures of paratyphoid bacilli 
in  fermented  bouillon  without  lactose  will  inhibit  subsequent  gas 
production by Bacillus  coli  when  the  latter  and  lactose  are  added 
at the same time after the primary culture has grown 4 or more days. 
To ensure the above results,  there  must be distinct clouding of the 
closed  arm  by  the  paratyphoid bacilli.  Absence  of  multiplication 
due  to  a  too  thorough  removal  of muscle  sugar  fails  to  establish 
inhibition. 
Effect of the Age of the Primary Culture.--Certain  experiments had 
indicated that the age of the primary culture before inoculation with 
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paratyphoid, Calf 297, and Bacillus  coli,  Calf 302, Bacillus  coli was 
inoculated at  the same time with and hours after the paratyphoid 
bacillus to determine how long a  growth period is required by the 
primary culture before it becomes completely inhibitory. 
Table V shows  that inhibition begins after 4 hours and is nearly 
complete at  14 hours with one lot of bouillon.  With another it is 
not complete at  72  hours.  This  difference is probably due to  the 
degree of removal of the last traces of muscle sugar during the prep- 
TABLE  V. 
Effect  of Age  of Primary  Culture  on  Inhibition  of Gas  Production. 
I 
Age of primary culture before [  Amount  of gas  Acid produced in open  Acid produced in closed 
second inoculation.  ]  produced,  arm.  arm. 
Bouillon 1,003. 
per cenl 
0 
(Simultaneous.) 
2  hrs. 
4~  " 
8  " 
10  " 
12  " 
14  " 
58 
53 
28 
24 
20 
11.5 
10 
5 
4.2 
3.9 
3.9 
4.2 
3.8 
4.4 
4.9 
4.6 
4.0 
3.9 
4.2 
4.2 
4.2 
4.9 
Bouillon 985. 
21 hrs.  13  6.0  4.7 
2  days.  12.5  4.9  4.7 
3  "  10  5.3  3.8 
4  "  0  4.2  3.9 
aration of the fermented (lactose) bouillon which controls the cloud- 
ing of the closed arm. 
It has been observed in certain experiments in which the second 
organism was introduced later  than 4  days after the first,  that in 
those cultures in which gas production was not inhibited, as in the 
hog-cholera group, the total quantity of gas produced was neverthe- 
less not up to the usual amount.  This observation led to the infer- 
ence that perhaps here also the time element was a determining factor. 30  INHIBITORY  ACTION  OF  PARATYPHOID  BACILLI 
Table VI gives the results of an experiment to clear up this question. 
Hog-cholera bacilli  were introduced  into  a  number  of lactose  tubes 
and kept different periods of time before Bacillus  coli was introduced. 
Cultures  incubated  19  days before the  second inoculation  inhibited 
gas production  completely.  Those incubated up to 6  days failed to 
inhibit.  The  rest produced variable  amounts  of gas. 
The paratyphoid bacillus thus produces a  condition in 2 to 4 days 
which the hog-cholera bacillus brings about in  18 days.  It is inter- 
esting  to  note  that  this  period  roughly  corresponds  to  the  time 
TABLR  VI. 
Effect  of  Age  of  Primary  Culture  on  Inhibition  of  Gas  Production.  (Primary 
Culture,  Hog-Cholera  Bacillus XII;  Secondary  Culture,  B. coli,  Calf 302.) 
Age of  primary culture  when 
B.  coli inoculated. 
o 
(Control.) 
3 days. 
6  " 
11  "  * 
11  " 
14  " 
18  " 
19  "  * 
Amount ofgas 
produced. 
~eY Cent 
Open arm. 
65 
60 
50 
5 
32 
7 
0 
0 
Acid produced, 
5.0 
5.2 
6.2 
5.9 
4.6 
4.8 
4.8 
4.9 
Closed arm. 
4.9 
5.7 
5.6 
S.6 
5.2 
5.5 
6.0 
5.0 
* Primary culture grown with about ~ of closed arm containing air.  This was 
tipped out when B. coli was inoculated. 
required by the hog-cholera bacillus to produce a translucency of milk 
when used as a culture medium.  This translucency proceeds parallel 
with the increasing alkalinity of the medium.  The different behavior 
of  the  paratyphoid  and  the  hog-cholera  bacilli is  thus  quantitative 
rather  than  qualitative,  but  the  difference is  such  that  at  a  certain 
time  the phenomenon  may be used as a  qualitative  test. 
The  gradual  development  of inhibition  by the  hog-cholera  group 
is paralleled by a gradual loss of inhibition by the paratyphoid bacil- 
lus.  This  was  demonstrated  in  the  following  manner.  A  culture 
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centrifuge bottle was  transferred to  fermentation tubes  after 7,  24, 
and 32  days and then inoculated with Bacillus coIi, Calf 302.  The 
7 day culture inhibited gas formation completely, the 24 day culture 
developed 44 per cent gas, the 32 day culture 35 per cent.  The three 
tubes developed the usual amount of acid.  In another experiment a 
culture of paratyphoid bacilli  22  days old yielded after inoculating 
with Bacillus coli 13 per cent gas.  It is probable that the inhibition 
produced after 18 days by the hog-cholera bacillus is gradually lost 
later on, but no experiments have been made to test this assumption. 
The Effect of Killing Paratyphoid  Bacilli by Heat on Inhibition of Gas 
Production by Bacillus coli. 
The results of the various experiments made thus far led to a study 
of the behavior of dead bacilli on gas production.  Numerous experi- 
ments were carried out with  a  variety of controls in  each but  the 
results Were not entirely concordant and pointed to  some neglected 
factor.  In  all  cases  the  exposure to  temperatures which failed  to 
kill the first culture failed to destroy inhibition.  Mter the thermal 
death point had been reached the results became irregular, but the 
experiments all agreed in that inhibition was destroyed as the tempera- 
ture rose and at  100°C.  and above gas production was more or less 
completely restored.  A  careful analysis of the details of the experi- 
ments which are not reproduced here led to the hypothesis that mere 
death of the first culture is not sufficient to  destroy inhibition but 
that  there is  another  factor involved  which disappears  rapidly  on 
exposure to high temperatures or gradually at lower incubator tem- 
peratures.  To demonstrate the gradual disappearance of inhibition 
the  experiments given in Table VII were made.  Cultures of para- 
typhoid bacilli in lactose bouillon contained in large centrifuge bottles 
were  exposed  to  62°C.  for  35  minutes.  Subcultures were made at 
once and  after 1 or more days  of incubation to  determine whether 
any bacteria had survived.  The culture fluid was transferred to fer- 
mentation  tubes at once and after  the heated fluid had  been incu- 
bated for 1 or more days.  Subcultures were made  at each  transfer 
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TABLE  VII. 
Effect of Incubation of 5 Day  Cultures of Paratyphoid Bacilli  (Calf 297) Heated 
al  62°C. for  35  Minutes  on  B.  coli (Calf 302). 
No. of days in incubator.  Gas produced.  Acid in open arm.  Remarks. 
per ¢eng 
6-7 
5 
60 
59 
4.87 
5.60 
5.10 
5.19 
Subculture sterile. 
4 
54 
56 
4.97 
6.00 
5.18 
DISCUSSION  AND  SUMMARY. 
Bacteria of the paratyphoid group may be divided into two classes 
according to the behavior of 4 day cultures in lactose bouillon after 
a  second inoculation with certain types of Bacillus  coli.  One class 
includes all  true hog-cholera bacilli,  the other nearly all  true para- 
typhoid and enteriditis types.  Under the imposed conditions Bacillus 
coli produces the usual amount of gas in the presence of the first group. 
In the presence of the second no gas or only a bubble appears.  The 
production of acid is not interfered with. 
The significance of the inhibition was investigated in a  variety of 
ways suggested by the particular hypothesis entertained at the time. 
Two main possibilities presented themselves; first,  the direct associ- 
ation of  the inhibition with  living  paratyphoid  bacilli, and, second, 
the existence of a ferment or other product of growth as the inhibiting 
agent. 
The  theory  that  the  living  bacilli  or  those  killed  at  the  lowest 
possible  temperature  are  responsible  was  favored by  a  number  of 
experiments.  Thus  the  complete removal of bacteria by filtration, 
or by centrifugation combined with  the use of kaolin to produce a 
clear fluid restored gas production.  The presence of a  fine cloud of 
bacteria was sufficient to inhibit.  On the other hand, the addition of 
large  numbers  of  living  bacteria  from  agar  slants  or  from  lactose 
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failed to inhibit gas production when Bacillus coti was added simul- 
taneously. 
When the inhibiting culture was heated at 62°C. for 35 minutes to 
sterilize it,  gas  production  was  still  largely inhibited.  But  it  was 
restored when higher temperatures were used,  completely at  100°C. 
and  above.  It was  also  gradually restored by exposing the heated 
culture to 37°C. for 3 or more days. 
The presence of variable amounts of lactose, or even the complete 
absence  of  lactose  did  not  interfere with  the  development  of  the 
inhibitory factor. 
The activity of the inhibition factor presents itself in the form of 
a  curve, beginning at 0 when both paratyphoid and colon bacilli are 
inoculated  simultaneously  and  rising  as  Bacillus  coli  is  inoculated 
at longer intervals from the paratyphoid bacilli.  The maximum of 
inhibition is reached at  about  the 4th day; thereafter it remains at 
the same level for a few days and then gradually falls until it is lost 
within 3  or 4 weeks.  The curve of the hog-cholera group is delayed 
in  that  the maximum inhibition  is  reached at  the  end of 3  weeks. 
These  curves  have  not  been  accurately determined.  Taking  into 
consideration all  the  accumulated data  the  writers tentatively pre- 
sent  the  hypothesis  that  the  inhibitory  factor  is  some  metabolic 
product  of  the  paratyphoid  bacillus,  possibly  an  enzyme, which is 
destroyed at a  temperature somewhat above the thermal death point 
of the bacilli  and  which more gradually disappears  from incubated 
cultures.  The substance fails to pass Berkefeld filters.  It is carried 
down mechanically with substances clearing the culture fluid. 
The experiments support current theories which hold that the acid- 
producing and gas-producing entities in  cultures are distinct. 